Inventor: NAKATA et al. 
Docket No.: 10873.1280US0I 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet I of 22 



104 

xL 




Wobble 
Signal 
Detector 



Carrier 
Signal 
Detector 



Carrier 
Signal 



Wobble Signa 
105 



106 



Multipl ier 



SHI 



Multipl ied 
Output 



SH2 



-i L 



MSK Detector 



110 



Integrator 



109 



111 



112 



MSK Back 
De tector 
X 



MSK Trailing 
Edge Detector 



113 



MSK Center 
Detector 



114 



± 



MSK Leading 
Edge D etect or 
i 



MSK Front 
Detector 



115 



Pattern 
Detector 



i 1 



108 



C 



MSK 
Detection 
Signal 



Multipl ier r* 



116 



Decoder 



117 



107 



MSK 

Synchronization 
Detector 



Shift Detector 



D1 Gate 



Adder 



118 



Synchronization 
Counter Result 



120 



DO Gate 



119 



Adder 



Ll 121 



Subtracter 



Determiner 



Digital Information 



< » 

i i 



FIG.1 



Inventor. NAKATAetal. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 2 of 22 



Carrier Signal 
Wobble Signal 
Multiplied Output 
Integrated Value 

S/H Value 

MSK Detection 
Signal 



wv/www 
vwwvww 

W\AA/\ /wvx /\/WWVW\ 




-Time 



FIG. 2A 



Carrier Signal 
Wobble Signal 
Multiplied Output 
Integrated Value 

S/H Value 

MSK Detection 
Signal 



vwwwx/v 




w 



-Time 



FIG. 2B 



Inventor. NAKATAetal. 
Docket No.: 10873. 128OUS01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 3 of 22 




Inventor: NAKATAetal. 
Docket No.: 10873. 1280USO1 

Tide: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 4 of 22 



FIG. 4A 

Synchronization 
Counter Result 

Carrier Signal 
Wobble Signal Data "1" 
Wobble Signal Data "0" 



Multiplied Value Data T 0 



w/vvwwvwwwwwww 



Integrated Value Data T Q 

S/H Data "1" 0 

Multiplied Value Data "0" o 

Integrated Value Data "0" o 

S/H Data "0" o 



T3 

16171819 20 






FIG. 4B 

Carrier Signal 
Wobble Signal Data T 

Wobble Signal Data "0" 

Multiplied Value Data "V o 

Integrated Value Data "\" 
S/H Data "1" 



T3 

16171819 20 




,^ /vv/ 7v/W\AA/WWW^ 




Forward Shift 



FIG. 4C 

Carrier Signal 
Wobble Signal Data T 



T1 T2 T3 

0 1/2 3 4 5 6 7 8 9 1011 12 13(l4 is[l6 1718 19 20 



Wobble Signal Data "0" <j 
Multiplied Value Data T 0 

+ 

Integrated Value Data T 9 
S/H Data T 0 




\AaAaaaaaaaaaAAMAA /w ^ 

i/\^^v/WWWWV^^ 



-D2 



Backward Shift 



Inventor: NAKATAetal. 
Docket No. : 1 08 73 . 1 2 80US0 1 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 5 of 22 



52^ 



53^ 



Synchronization 
Counter Result 

SH2 
S/H Value 



'Shift Detection 
01 Gate 

Sum of D1 
DO Gate 

Sum of DO 

Shift Detection 
D1 Gate 

Sum of D1 
DO Gate 

Sum of DO 

Shift Detection 
D1 Gate 

Sum of D1 
DO Gate 

Sum of DO 

Difference 

Digital 
Information 



I I I I I I I I I 

i t i i i i i i I 

1 " ~* l^"V I I I I 1 I I 

I I I I I I I I I 

J I I I I I I I I 



I 



I 



I 



I 



I 



I 



No Shift 



J L 



i 



i 



D1=A+B 



Forward Sh 
1 1 



ft 



D1=A+B 



T 



Backward Shift 
-| 1 — 



D1=B+C 



D0=C+D > 

r-= — K 



> 



< D0=D+E > 



< PI-DO > 

I l I r 

ly 1 ' k 

yOifference<0^r\ 
\D i f f er ence ^0-»*0y 



FIG. 5 



Inventor: NAKATA et al. 
Docket No.: 10873.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 6 of 22 



1004 




Wobble 
Signa 
Detector 



Carrier 
Signal 
Detector 



Carrier 
Signal 



Wobble Signal 
1005 





Multipl ier 



SHI 



Multipl ied 
Output 



SH2 



MSK 



1006 

/ 

c 

Detector 



11010 



!1011 



I ntegrator 
I 



1009 



MSK Back 
Detector 



± 



^ MSK Trailing 
Edge Detector 



11012 



i1013 



MSK Center 
Detector 



'1014 



MSK Leading 
Edge Detector 



MSK Front 
Detector 



1015' 



Pattern 
Detector 



i 1016 



{» Multipl ier r-> 



1008 
Decoder 



MSK 
Detect i on 
Signal 



1007 



MSK 

Synchronization 
Detector 



Peak 
Position 
Detector 



1017 

^ 1019 



Synchronization 
Counter Result 



Negative 
Section 
Detector 



LP 

— urn 



Determiner 



iDigital Information 



1018 



\ 1 

! 



FIG.6 



Inventor: NAKATAetal. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 7 of 22 



J 7 

Us c— 



Synchronization Counter ! 



Result — <3E><nxi2xn><T^ 

1 I LJ 1 I I I I I I I 

-<KXXX2XIXlXD<nXIX2XD<X>- 
< 16 > 



SH2 
S/H Value 
Peak Position 



Negative Section 

Detection Signal I 



Digital Information < 0 > 

— ^Time 

FIG. 7 



101 

, V\ r 1 .102 

u ^ 




100B 



Wobble 
Signal 
Detector 



103 



Wobble Signal 



304 

^Control Signal 




305 



PLL Lock 
Determiner 



Lock Determination Result 



Address Information 



FIG. 8 



Inventor: NAKATAetal. 
Docket No. : 1 0873. 1 280US0 1 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 8 of 22 



304 



Wobble PLL 



Wobble' 
Signal' 



201 



211 



Period 
Averag i ng 
Unit 



1 — » 


Phase 






Comparator 



205 



Divider 



Carrier Signal 




Wobble Lock 
PLL lock determiner 



305 

I 

r' 





r-> 


Period 




Frequency 


Measurement 




Lock 


Unit 




Detector 


t 

208, 


209 



EX0R 




Phase Lock 


Integrator 


— » 


Detector 



210 



PLL Lock 
Detector 



Control Signal 



Lock 
Determination 
Result 



FIG. 9 



Inventor: NAKATAetal. 

?^WOBBLE MMODU1ATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 9 of 22 



FIG.10A 



Frequency Lock 
Detection Signal 

Frequency Unlock 
Detection Signal 



Phase Lock | — |^ 



Detection Signal 



Phase Unlock Phase Draw- In Step 1 

Detection Signal F requency Draw- In S t epx y Phase Draw- In Step 2 

Lock Determination Result ~~X X X PLL Lock Step > 

Averaged Wobble Signal 
PLL Control State f ^ X Normal Wobble Signal > 

1 < Charge Pump H Gain X Charge Pump L Gain > 
^ — ^Time 



FIG. 10B 



Frequency Lock 

Detection Signal | 

Frequency Unlock rn 

Detection Signal 1 L 

Phase Lock \ 

Detection Signal 1 



n 



Phase Unlock Phase Draw- In Step 1 

Detection Signal F r equency Draw-In S t ep\ Phase Draw-In Step 2 

Lock Determination Result <PLL Lock Step^ XX 

Normal Wo bble Signal A veraged Wobble Si gn al ^Normal Wobble Signal 

PLL Control State [X ZIX X~ . " > . 

l < - X XLGain> 

Charge Pump L Gain Charge Pump H Gain Ime 



FIG. 10C 



Frequency Lock 
Detection Signal 

Frequency Unlock 
Detection Signal 

Phase Lock 
Detection Signal 



j~i__r 



Phase Unlock [~~| 

Detection Signal Pha s e Draw- In S t ep 1 , Phase Draw-lh~5t ep 2 

Lock Determination Result <PLL Lock Step^ ">< X PLL Lock Step > 



PLL Control State / < Normal Wobble Signal > 

\ <~ X HGain X L Gain > 

£ TT. — ^Time 



Charge Pump L Gain 



Inventor: NAKATAetal. 
Docket No.: 10873.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 10 of 22 



Wobble Signa 



MSK Modulation 



Per i od measurement (samp I ing with a 
, fixed frequency clock) — **Time 



Averaged 
Wobble Signal 



56-Period Total 
Period Average Value 

Period Average Valuexl.04 



FIG.11A 



& 1.50 



g 1.60 
* 1.55 

it 1.45 
1.40 
>..£ 1.35 

S ir i.3o 

ScS 1.25 
8" o 1.20 

o 1.10 
o. 1.05 
S 1.00 
02 0.95 
0.90 



— Wobble Frequency 

— Frequency Aver age Value 




-Time 



FIG.11B 



Inventor: NAKATA et al. 
Docket No.: 10873.128OUSO1 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 11 of 22 



MSK Modulatio n 
Wobble SignalTLTL^^ 

•<= x — > < > c — > < > < >- -<= x x 

Period measurement 
(sampling with a wobble clock) 



-Time 



56-Period Total 

FIG.12A 

MSK Modulation 

wobble signal jnjn_rlnrinjhj^--j^ 

Carrier Signain_JlJnjn_ri_JlJn_--^^ 

EXOR Result I I I I I I n iTTi n I I I I - I I I I I I I I I I 



EXOR Integration 



1 



I — ^Time 
EXOR Integrated Value 



FIG.12B 



Wobble Signal 



,601 



Carrier Signal 



Modu I ated 
Portion 
Detector 



Lock Determination Result 



,602 



Section 
Measurement 
Unit 



,603 



SYNC 
Detector 



,604 



Synchronization 
Determiner 



,606 



,607 



Data 




Error 


Decoder 




Corrector 



Address 



nformation 



306 



"1 ^,6 05 



Wobble 
Counter 



J 



FIG. 13 



Inventor NAKATAetal. 
Docket No.: 10873.1280USO1 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 12 of 22 



ST1 



(a)PLL lock determination 
result = F draw-in/P 



( initial > 
V State ) 


uraw-ifi i 
■«= 






(b) PLL lock 
determination result 
= F draw- in 2/PLL lock 




ST2 - — 3 





(c) Detect ion of 
first SYNC 



State S(f) Continuous ECCNG V. State 
Continuous SYNC 
detection number N6 




(e)SYNC detection 
number NG 
First ECCNG 



(g) Detect ion of 
SYNC position 
shift I 



(h) First 
ECCOK 




(d)ECCOK SYNC 
detection number OK 
and first ECCOK 



ST4/ 



FIG. 14 



Track 

Detection of a 
Modulated Portion 

Detection of a 
SY Pattern 

SY Detection 
Window 

SY Detection 

SYNC- ID 

SYNC Position 

SY Detection 
Number 



Unit = 56 Carrier Periods 

* * CYMPn i i QVMP1 



1 — mi 


kii i 


fin 


fir > 


i i ii i 


i n i 


i ii i 


i n i 


ii iii 


Ul 

i i 


JULTL 
1 1 1 


-JULTL 
1 1 1 


n_fin_ 
i i i 


< o 


Z3CZ 


1 X 


2 X3> 



<AX^>SXS>OZ><c><KE 

• < 1 X 2 X 3 )xTV> 



-Time 



FIG. 15 



Inventor: NAKATAetal. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 13 of 22 



Track 



Address Word 

k= H 



SYNC Part 



Lock Determination Frequency Draw-In Step Phase Draw-In Step 2 Phase Draw-In Step 2 

:xz3c 



Result 

Synchronization 
Detection ENB 

SYNC Detection 
Number OK 
ECCOK 

Address 
Information 

Synchronization 
Determination 

Wobble Counter 



X 



Ph/se Draw-In Step 1 

-i 



PLL Lock Step 



Pha^e Draw- In Step 1 
I 



< Initial "> ^G>r^ 



If 

¥ 



IT 
¥ 




Pre-Set 



FIG. 16 



►Time 



Address Word 

-3H 



SYNC Part 



Track l~ J J* .. __ 

. . . I ADR *10lADR #111 ADR #12lADR #131ADR #14IADR #15|ADR #16lADR tt17T 

Lock Determination Frequency Draw-In Step_^ Phase Draw-In Step 2 



Result 

Synchronization 
Detection ENB 

SYNC Detection 
Number OK 
ECCOK 

Address 
Information 

Synchronization 
Determination 



c 



">TT^>r>< Hi Lock Step 



Ph/se Draw-In Step 1 
J 



~U IT 

First ECCNG r 



¥ 
¥ 



¥ 
¥ 



¥~ 
¥~ 



< Initial 



PrKockiPre-Locfi 
NG 



■ 4bI1iM bll^>< jibra > 



Lock 



-Time 



FIG. 17 



Inventor: NAKATA et al. 
Docket No.: 10873.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 14 of 22 



Track 



SYNC Detection 
Number OK 



ECCOK If 

SY Continuous NG 

ECC Continuous 



NG 



Synchronization^] 
Determination 



Address Word 

H£ X 



i i i 



SYNC Part 



i i i r 



'"ContinuousN 
( Non-DetectionJ 



U ll 



Lock 



u u tuj — r~ 

/"Continuous*\ 



4 



Pre-iock 



FIG. 18 



ECCNG 





\ 

-4- 



4 



Pre-Lock Lock 



-Time 



Track 

SYNC Detection -, r 
Number OK u 

SYNC Position ^ 
Shift C 

Synchronization 
Determination 

Wobble Counter 



Address Word 





i i ■ 



Lock 



^_ SYNC Part 



J. 



! Correction 



Correct ion+1 



I I I 



Lock 



I 



U U 1 I 1 U U IT 




-Time 



FIG. 19 



Inventor. NAKATA et a!. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No-: 612.371.5237 
Sheet 15 of 22 



404 

xL 




Wobble 
Signa 
Detector 



Carrier 
Signal 
Detector 



Carrier 
Signal 



Wobble Signal 
405 



Multipl ier 



Multipl ied 
Output 



SH1 



Integrator 
i 

Decoder 



406 

W 
407 

.J 



Digital 
Information 



FIG. 20 
PRIOR ART 



Inventor NAKATAetal. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 16 of 22 




Inventor. NAKATA et al. 
Docket No.: 10873. 1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 17 of 22 




Inventor. NAfCATA et al. 
Docket No.: 10873.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 18 of 22 



Carrier Signal 
Wobble Signal 
Multipl ied Output 

Integrated Value 

S/H Value 

MSK Detection 
Signal 



\A/VWWW 
x/VWWWW 

\AAAA^ /VW /VWVWW\ 




Carrier Signal 
Wobble Signal 
Multipl ied Output 
Integrated Value 

S/H Value 

MSK Detection 
Signal 



FIG. 23A 
PRIOR ART 

VAAAAAAAA 

wwv^^/Wvvwwx 



FIG. 23B 
PRIOR ART 



FIG. 24A 
PRIOR ART 




' Phase 
nversion 



FIG. 24B 
PRIOR ART 




1.5-Fold Phase 1.5-Fold 
Frequency Inversion Frequency 



Inventor: NAKATA et al. 
Docket No.: 10873.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 19 of 22 



Address 


Address 


Address 


Address 


Word 


Word 


Word 


Word 



SYNC Part 
8 Units 


Data Part 
75 Units 


Monotone 
Unit 


SYNCO 
Unit 


Monotone 
Unit 


SYNC1 
Unit 


Monotone 
Unit 


SYNC2 
Unit 


Monotone 
Unit 


SYNC3 
Unit 



Monotone Unit 



56 Carrier Periods 



WNMAAAAAAAA^ 
W 

SYNCO Unit 

ww\aaaa^ 

MSK 13 Wobbles MSK 7 Wobbles MSK 

SYNC1 Unit 

MSK " 15 Wobbles ~ lflSK = 'l Wobbles ' W 

SYNC2 Unit 

vwvwwv^^ 

MSK 17 Wobbles MSK = 7 Wobbles' MSK 

SYNC3 Unit 

MSK 19 Wobbles ~ ~MSk' = 7 Wobbles' MSK~ 



FIG. 25 
PRIOR ART 



Inventor: NAKATA et a I. 
Docket No.: 1 08 73 . 1 280US0 1 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 20 of 22 



Address 
Word 


Address 
Word 


Address 
Word 


Address 
Word 




SYNC Part 
8 Units 


Data Part 
75 Units 



Monotone 
Unit 


Data 0/1 
unitx4 


Monotone 
Unit 


Data 0/1 
unitx4 


Monotone 
Unit 




Monotone 
Unit 


Data 0/1 
unitx4 


' 1Nibble(4bit) 

Data 9 Nibbles 


+ Parity 6 Nibbles 




i 

^ 








J} 

Nibble Based ECC 







Data 1 Unit 



56 Carrier Periods 



9 Wobbles ' ^MSK~ 



MSK 



Data 0 Unit 



MSK 



11 Wobbles 



MSK 



FIG. 26 
PRIOR ART 



Inventor. NAKATA et al. 
Docket No.: 10873.I280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 21 of 22 




Modulated 
Portion 
Detector 




Data 




Decoder 



1608 



Address 
nformation 



1609 



SYNC 




Wobble 


Detector 




Counter 



FIG. 27 
PRIOR ART 



Inventor: NAKATA et a). 
Docket No.: 10S73.1280US01 

Title: WOBBLE DEMODULATOR AND WOBBLE DEMODULATION METHOD 
Attorney Name: Douglas P. Mueller 
Phone No.: 612.371.5237 
Sheet 22 of 22 



Wobble Signal 

Ca Si!ra VWWV 

Output of a Multiplied 
Signal and LPF 

MSK Detect ion Signal f ^_ 

FIG. 28A 
PRIOR ART 




Wobble Signal 



Carrier Signa 



Output of a Multiplied 
Signal and LPF 

MSK Detection Signal 




FIG. 28B 
PRIOR ART 



